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EXECUTIVE SUMMARY

This report has determined that hydropower development at Littleville
Lake is feasible and should be investigated further.

The authority for this study is contained in the resolution of the
Committee on Public Works of the United States Senate adopted on 11 May 1962
pertaining to the Connecticut River Basin.

.Littleville Dam and Reservolr is a multipurpose flood control and water
supply Corps facility. It is located in Western Massachusetts on the Middle
Branch of the Westfield River in the towns of Huntington and Chester. Con~
struction of the project was completed in 1965. As part of the comprehensive
plan for flood protection in the Connecticut River Basin, the project con-
tributes to flood reductions at damage centers on the Westfield and Connecti-
cut Rivers. The water supply storage is for future use by the city of Spring-
field, as a participant under the provisions of the Water Supply Act of 1958.

4 275-acre lake is maintained to enhance public use and recreation at
the level of the water supply pcol. The project lands lend themselves to
recreational use and afford opportunities for fishing and boating.

Four plans of hydropower development were investigated for Littleville
Lake, Of the four plans, one appeared superior to the other three because
of minimal project modifications required and its ability to realize a large
percentage of the total potential energy of the site.

The recommended plan, Alternative 1, would locate a powerhouse approxi-
mately 200 ft. downstream from the toe of the dam. Flows would be passed
through the existing 48 inch water supply line to a turbine and discharged
to the Middle Branch of the Westfield River. The powerhouse would contain a
single 760 kilowatt horizomtal Francis turbine capable of discharging 125 cfs
under a head of 90 ft. The potential average annual energy generation would
be 3,261,000 kilowatt hours at an average plant factor of 0.49.

The recommended plan of hydropower development at Littleville Lake is
not expected to have any significant envirommental impacts. An optimum
method of operating the water supply intake structure to balance reservoir
and downstream water quality requirements would have to be developed and the
extent of the impact of hydropower development on downstream fishery during
low flow periods would have to be investigated,.

_ The plan of hydropower development at Littleville Lake would still al-
low the city of Springfield use of their water supply via the 48 inch water
gupply line. The Littleville water supply is used as a backup to the exist-
ing city of Springfield water supply system during periods of severe drought.
Its use in the future during severe droughts would have little effect on the
long term average annual hydropower potential.

The construction costs of the recommended plan are estimated to be $1.30
million with annual operation and maintenance of $25,000. The estimated cost
of energy would be about 38 mills per Kwh.



Hydropower development at Littleville Lake would have to be viewed gen-
erally as a "run-of-river" operation with the energy as "fuel saver'". Con-
sidering the national energy picture, generation at the site could conserve
the equivalent of about 4,600 barrels of oll annually. Expressed in other
terms, the 3,261,000 Kwh of annual generation would furnish the equivalent
electrical requirement for about 450 homes.

Although hydroelectric development at Littleville Lake would be small

in size, it could serve as a demonstration project and would offer the oppor-
tunity to develop a clean, renewable source of energy at a reasonable cost.
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1.0 INTRODUCTION o

1.1 .Scope of Study

This Preliminary Feasibility Study has investigated the addition
of hydroelectric power development at Littleville Lake on the Middle
Branch of the Westfield River in the towms of Huntington and Chester,
Massachusetts.

As Littleville Lake is a multipurpose flood control and water
supply Corps project, the plans of hydropower development for the
site were those considered to be compatible with the authorized pur-
poses of the Federal project.

1.2 Authority

The authority for this study 1s contained in the resolution of
the Comnmittee on Public Works of the United States Senate adopted 11
May 1962:

"RESOLVED BY THE COMMITTEE ON PUBLIC WORKS OF THE
UNITED STATES SENATE that the Board of Engineers
for Rivers and Harbors, created under Section 3 of
the River and Harbor Act, approved 12 June 1902,
he, and is hereby, requested to review the reports
of the Connecticut River, Massachusetts, New Hamp-
shire, Vermont, and Connecticut published as House
Document Numbered 455, Seventy-fifth Congress, sec-
ond session, and other reports, with a view to
determining the advisability of modifying the exis-
ting project at the present time, with particular
reference to developing a comprehensive plan of
improvement for the basin in the interest of flood
control, navigation, hydroelectric power develop-
ment, water supply and other purposes, coordinated
with related land resources.”

1.3 Sources of Information

Information used in the preparation of this report was obtained
by New England Division persomnel from construction drawings and
technical information of the Littleville Lake project and from site
inspections, '



2.0 EXISTING FACTLITIES AND BACKGROUND QF LITTLEVILLE DAM

Littleville Dam is located in Western Massachusetts on the
Middle Branch of the Westfield River, one mile upstream of its
confluence with the main stem of the Westfield River.in the towns
of Huntington and Chester (See Figure 1).. The project was started
in 1962 and completed in September 1965, - . :

Littleville Dam and Reservoir is a multipurpose flood control
and water supply Corps facility. As part -of the comprehensive
plan for flood protection in the Connecticut River Basin, the pro-
ject contributes to flood reductions at damage centers on the
Westfield and Connecticut Rivers. The water supply storage is for
future use by the city of Springfield, as a participant under the
provisions of the Water Supply Act of 1958.

At spillway crest, Littleville Reservoir has a total storage
capacity of 32,400 acre-feet of which 23,000 are for -flood control,
The flood control storage is equivalent to 8.3 inches of runoff
from the contributing drainage area of 52.3 square miles. A map of
the Westfield watershed is shown on Plate 1 (Appendix A). When
filled to spillway crest, the reservoir will extend upstream along
the Middle Branch for a distance of approximately 3.7 miles and
have a surface area of 510 acres., A 275~acre lake is maintained to
enhance public use and recreation at the level of the water supply
pool. . The project lands 1end themselves to recreational use and
afford opportunities for fishing and boating. A reservoir map of
the prOJect is shown on Figure 2.

~ Important physical components at Littleville Lake consist of a
rolled earth dam and dike, a chute spillway composed of a concrete
weir, two separate outlet works and storage capacity for both flood
control and water supply. A general plan and profile of the dam
are shown on Plates 2 and 3 (4ppendix A).

" The dam embankment consists of rolled earth fill with an im-
pervious core and rock slope protection. It 1s 1,360 feet in
length and has a maximum height above streambed of 164 feet. The
top of the dam is at elevation 596.0 feet National Geodetic Verti-

. cal Datum of 1929 (NGVD). (formerly mean sea level datum). ALl
elevations used in thls'report refer to this datum. The spillway
_1s at elevation 576.0 feet which provides 15 feet of spillway sur-
‘charge and 5 feet of freeboard. The dam is 25 feet wide at the top

and accommodates a paved access road 18 feet in width., The em-
bankment slopes vary from 1 on 3 to 1 on 2.5.

A rolled earth fill dike is located on the left abutment of
the dam which closes a natural saddle between the left abutment of
the spillway and high ground. The dike is 935 feet lopg and has a
maximum height of 46 feet. The top of the dike is at elevation
596 feet.
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* The spillway consists of a concrete ogee ‘weit located on a. i
bedrock plateau on the left bank and a chute type spillway in a .
bedrock cut. The weir has a length of 400 feet with a crest
elevation 5376 feet, 7 feet above the approach channel bottom,

The discharge channel width varies from 372 feet at the foot of
the curved weir to 50 feet at a distance of 440 feet dowmstream.
The total length of the spillway chammel is 1,250 feet, with
bottom slopes varying from 5 to 21.5 percent. The excavated ap-
proach area has a 1 percent slope towards the reservoir,

The Littleville project has two separate reservoir outlet
works - one for water supply releases and the other for flood
control releases.

The flood control outlet works consist of an intake chan-~
nel, gates, tower and outlet tunnel. The intake channel is 20-
feet wide, excavated in rock to elevation 515 feet. Near the
intake structure the channel widens to accommodate & 30-foot con-
crete welr with crest elevation 518 feet, which is the bottom of
the flood control pool and top of the water supply pool. From
the weir a concrete~lined channel extends 88.5 feet to the gate
structure. Flows are regulated by two 4 x 8 foot wide sluice
gates, and discharged through a 370-foot long, 8-foot diameter
concrete-lined "horseshoe" tunnel.

The main components of the water supply outlet works con-
sigt of a 17.5~foot wide intake channel with invert at elevation
432 feet, an intake structure consisting of a wet well tower with
four 36-inch diamater sluice gates at different elevations so
that water can be drawn from various levels, an outlet conduit and
a 20-foot wide outlet channel. The outlet consists of a 48-inch
diameter concrete conduit installed within a 9~foot wide arch-
shaped conduit 800 feet in length which was originally used for
diversion of the Middle Branch during construction of Littleville
Dam.



3.0

3.1

3.2

3.3

3.4

ENVIRONMENTAL SETTING
General

The Westfield River Basin is located in Berkshire, Franklin,
Hampden and Hampshire Counties, Massachusetts and a small portion
of Hartford County, Connecticut (see Figure 1, Section 2). The -~
basin has a total drainage areéa of 517 square miles and is the
fifth largest subdrainage of the Connecticut River. -

The Littleville Dam is located along the Middle Branch of the
Westfield River about one mile upstream of its confluence with the
main stem in the towns of Huntington and Chester (see Plate 1, Ap-
pendix A). The extent of the progect area 15 shown in Figure 2
(Section 2.0). :

Togograghz.

‘The Westfield River Basin, in general, consists of .a maturely
dissected upland. Steep-sloped rocky hills are separated by narrow
valleys .and are drained by many small streams. Watershed elevations
range. from 2505 feet NGVD at the headwaters of the Westfield River
to about 40 feet at the river's confluence with the Connecticut:
River. The Middle Branch of the Westfield River falls ‘1,100 feet
over its 16 mile length at an average gradient of nearly 70 feet per
stream mile., Elevations near the projéct area ranges from 1,296
feet at the top of Goss Hill (about 2.3 miles north of the damsite)
to 432 feet upstream of the dam51te.

ﬂGeologz

The Westfield River flows in a deep, pre-glac1al valley in the
New England .upland section of western Massachusetts. .The bedrock
hills and ridges are generally blanketed by a thin cover of glacial
till, consisting of unsorted materials deposited directly from the
glacier and ranging in gradation from clay to boulders. The bottom
of most of the main wvalleys have been deeply filled by deposits of
till and outwash. The outwash deposits, which consist of wvariable,
roughly stratified sand, silt and gravel form narrow floodplains
along wvalley bottoms and terraces on the valley walls. Bedrock out-
crops are common through the thin till cover on thé upper slopes and
tops of the hills. In the valleys, bedrock is exposed only where
the rivers have cut through the till and outwash. The bedrock of
the region consists of a series of folded Palezoic crystalline rocks,
mostly mica schist, of several formatioms. The folds trend generally
north~south.

Climatology

Annual air temperatures recorded at nearby Knightville Dam for
the past 23 years average 45. 6° F. Although extremes such as ~30°F
and 102°F have been recorded, -the average January temperature was
23° F; whereas, the average July temperature is 70° F. There is an
average of 95 frost free days per year most of which occur between
June 3 and September 9.



3.5

Annual precipitation averages about 44 inches and is fairly uni-
form throughout the year. Variations over a 44 year period were as
low as 32 inches to as high as 67 inches. Annual snowfall averages
56 inches and intermittently remain on the ground from December
through Mid-April.

Water Quality

The Middle Branch of the Westfield River above Littleville Lake
is rated Class A by the Massachusetts Water Resources Commission and
as such is designated for use as a public water supply. A designa-
tion as to whether this section of the Westfield River is a warm water
or a cold water fishery has not been made. Technical requirements for
warm water fisheries include a minimum disscolved oxygen concentration
(D.0.) of 5 mg/l and a maximum temperature of 83  F. For cold water
figheries the minimum D.0. is 6 mg/l and the maximum temperature is
68" F. Other technical requirements for Class A warm and cold watex
fisheries include total coliform bacteria not to exceed a log mean of
50 per 100 ml for a set of samples during any monthly sampling period,
total dissolved solids not to exceed 500 mg/l, chlorides not to exceed
250 mg/1, sulfates not to exceed .250 mg/l, and nitrate not to exceed
10 mg/l as nitrogen. In addition, there shall be no substances in con-
centration that: produce objectionable color, odor or turbidity; ex>
ceed the limits necessary to control eutrophication; or exceed the
recommended limits on the most sensitive receiving the water use.

Dowvmnstream from Littleville Lake to the confluence with the West-
field River, the Middle Branch is rated Class B, cold water fishery,
Requirements for these waters include a minimum d%ssolved oxygen con-
centration of 6 mg/l, a maximum temperature of 68 F, pH in the range
6.5 to 8.0, and fecal coliform bacteria counts not to exceed a log
mean of 200 per 100 ml.

There are no significant point-source discharges upstream from
Littleville Lake, and the water quality at the project generally meets
the requirements of its Class A designation. The water quality data
collected by the NED water quality lab since 1970 shows no violation
of chloride, sulfate, nitrate or total solids standards; only very
rare dissolved oxygen violations, except in the hypolimnion; some col-
iform violations; and frequent pH and temperature vioclations. HNutri-
ent analyses show relatively high levels of nitrogen but low levels of
phosphorus., Heavy metals concentrations are generally low to undecta-
ble except for iron, manganese and zinc. The sources of these metals
upstream from the project are unknown. However, iron and manganese
levels are increased during the summer by reduction reactions occur-—
ring in the hypolimnion in Littleville Lake.

Iittleville Lake has a maximum depth of 86 feet, and experiences
temperature-induced density stratification during the summer. Dis-
solved oxygen levels in the hypolimnion are typically less than 5 mg/l
and approach anaerobic conditions near the bottom of the lake towards
the end of the summer stratification period.



3.6 Aquatic Ecosystem

The 1965 construction of Littleville Dam across the Middle Branch
of the Westfield River created a 275 acre lake with an average depth
of about 34 feet. During nonflood periods the reservoir is normally
kept at a target elevation of 518 feet and contains a volume of about
9,400 acre-feet. The city of Springfield owns the water space between
elevation 432 feet and 518 feet under a 1967 agreement with the Corps
of Engineers. Because of potential use as public water supply the
reservoir bottom was cleared. Besides input from the Middie Branch of
the Westfield River, Littleville Lake also receives inflows from four
tributaries, including Winchell Brook, which drain from upland wet-
lands well above the lake elevation.

Water levels fluctuate both daily and seasonally depending on the
precipitation. Daily £luctuations rarely exceedone foot, Seasonal
fluctuations, however, are more variable. Significant storage, i.e.,
at least 1 inch of runcff which is equivalent to 2790 .acre—feet of
flood water, has occurred 17 times since operation began in 1965. The
highest storage on record reached an elevation of 548.6 feet.in March
1977. About 467 of the storage capacity was used in this event for
3.8 inches of runoff. After such a storage, water levels return to
normal in a week's time.

The Littleville Reservoir is a dimictic lake which becomes strat-
ified during the summer and winter months followed by turnover or mix-
ing in the fall and spring. The more marked summer stratification
begins in May and becomes more prominent during June. By July and
August, the strata are clearly defined with an upper zone (epilimnion)
about 5-10 feet thick, a middle zone (metalimnion) ranging from 10-20
feet in thickness, and a lower zone (hypolimnion) extending 50-70 feet
above the bottom, This stratification causes a decrease in the dis-
solved oxygen (D.0.) in the hypolimnion by July. Minimum DO values
occur in September. Values from 20-23 feet depth are generally less
than 5 parts per million (ppm) which is considered stressful for cold-
water fish such as trout. The fall turnover usually occurs by October
so that the oxygen levels in the lower stratum are generally.above 5
ppm and close to saturation,

The Westfield River was once a migration pathway for Atlantic
Salmon. Since the industrial age, degradation of water quality near
and below its confluence with the Connecticut River and the installa-
tion of 13 dams along the three branches precluded annual spawning
runs in this reach of the river. Above the confluence, the river re-
mains a good stream for trout. Most of the reaches are stocked by the
Massachusetts Division of Fisheries and Wildlife (MDFW) with the na-
tive eastern brook-trout (Salvelinus fontinalis); rainbow trout (Salmo
gairdneri); and brown trout (Salmo trutta). Carryover populations of
wild brook trout still exist, but the majority of fisherman's take is
hatchery bred. Approximately 8,000 rainbow and brown trout are stocked
in Littleville Lake each year; whereas, brook trout are stocked up-
stream and dovnstream of the lake. Stocking is accomplished during the
early spring months.




3.7

A number of warmwater specles also inhabit Littleville Lake:*.
brown bullhead (Ictalurus nebulosis), yellow perch (Perca flaves-—
cens), pumpkin-seed sunfish (Lepomis gibbeosis), bluegill (Lepomis
macrohirus), largemouth bass (Micropterus salmoides), smallmouth bass
(Micropterus dolomieui), white suckers (Catostomus commersoni), and
various members of minnow family (Cyprinidae). The MDFW chemically
reclaimed the lake in 1965 when the reservoir was being filled. The
subsequent appearance of these warmwater species would require peri-
odic reclamation. This is not considered practical by the MDFW due
to the large size of the reservoir. Therefore, the MDFW has recent-
ly placed more effort in a "put and take" rainbow trout fishery. The
lack of oxygen in the hypolimnion during the late summer months re-
duces the value of Littleville Lake as an adult holding area for cold-
water and certain warmwater species.

Terrestrial Ecosystem

Table 1 indicates the land cover types of the lands held in fee
surrounding Littleville Lake based on an intensive 1977 forest inven-
tory. The lake plus the surrounding forest encompasses almost 907 of
the entire Federal property. Open woodland and fields are only 9% of
this while the remainder of the property includes flood control struc-
tures, operation and maintenance areas, access roads and boat ramps.
Prior to filling the pool, the reservoir was cleared to elevation 523
feet where the tree line now exists. Below this elevation, perennial’
grasses, ferns and rock surround the shoreline.

Three known soil associations occur in the study area: (1) Mon-
roe soil - shallow, occurring on steep slopes; (2) Blanford soil -
deep, well drained and less stony occurring on plateaus and ridges;
and (3) Woodbridge soil - moderately well drained occurring on the
lower slopes.

Most of the forest is comprised of second growth northern hard-
wood and hemlock-hardwood cover types. Common hardwood species in-
clude American beech (Fagus grandifolia), sugar maple (Acer saccharum) ,
red maple (Acer rubrum), yellow birch (Betula alleghaniensis), paper
birch (Betula papyrifera}, white birch (Betula populifolia), red cak
{Quercus rubra), American elm (Ulmus americana), and white ash (Frax-
imus americana). Dominant softwoods include Eastern hemlock (Tsuga
canadensis), white pine (Pinus stobus) and red pine (Pinus resinosa).
A variety of common northeastern ferns, shrubs and wildflowers occur
in the understory.

Forest stands are generally evenaged with nearly 60% mature to
overmature or mature within 5 years of rotation. Approximately 14% of
the forest in the project area is of pole timber size. The remaining
immature stands are reaching saw timber size. Improvements to the ‘
growlng stock by such-techniques as plantings, thinmning, pruning and
improvement cutting have been proposed in Forest Management Plan, Ap-
pendix B of the Littleville Lake Master Plan. Approval of this plan
is pending final review. Special management techniques are also being
proposed to increase habitat diversity for enhancement of wildlife.



TABLE 1

LAND COVER TYPES SURROUNDING LITTLEVILLE LAKE*

Land Cover Type Area (Acres) % Total Area

Forest 1190 ‘ 73
Lake | 273 | 16
Open Woodland g2 5
Field 61 4
Other** 34 ' ‘2
Total 1640 100

*Excerpted from Forest Management Plan, Master Plam, Appendix B,
Littleville Lake, Huntington, Massachusetts, February 1978, Army
Corps of Engineers.

**Flood control structures, 0perat1on and ma1ntenance areas, access roads,
parking lots and boat ramps.

10



3.8

3.9

The forest and regenerating fieids serve as habitat for a
variety of resident and migrating wildlife. White-tailed deer
(Odocoileus virginianus) is the only "big game" species in the
area. Typical upland species include varying hare (Lepus ameri-
canus), cottontail rabbit (Sylvilagus transitionalis), gray
squirrel (Sciurus carcolinensis), red squirrel (Tamiasciurus hud-
sonicus), racoon (Procyon lotor), ruffed grouse (Bonasa umbellus),
and American woodcock (Philohela minor). A small pumber of fur-
bearers such as muskrat (Ondatra Zibethica), mink (Mustela vison),
and beaver (Castor canadensis) may also occur in the project area.
A variety of typical northeastern small mammals, avifauna, reptiles
and invertebrates also inhabit the area.

No hunting or trapping is allowed on project lands because of
the potential use of Littleville Lake as 2 public water supply.

Rare and Endangered Species

Currently, there are no Federally listed threatened or en-
dangered species residing in the project area (U.S5. Fish and Wild-
life Service, personzl communication). However, the Commonwealth of
Massachusetts has compiled a list of State rare and local species
which may or may not occur in the area. These species are not Fed-
erally listed as threatened or endangered, nor are they proposed.
Further study is needed to determine if critical habitat exists in
the area,

The Massachusetts State ornithologist indicates that the area
may serve as habitat for the great blue heron {Ardea herodias), the
Cooper's hawk (Accipiter cooperii), and the sharp-shinned hawk (Ac~
¢ipiter sciatus). Also, the lake chub (Couesius plumbeus), which
only occurs in the Westfield River Bagin, is currently designated as
a species of "Special Consideration."™ There are a number of mammals,
reptiles and amphibians which are also given this designation. Fur-
ther study is again needed to determine if their habitat does exist
in the project area. The Massachusetts Natural Heritage Program has
indicated that ne rare plants have been presently recorded in the
project area,

Recreational Resources

~

Littleville Lake is presently operated for water supply aand flood
control purposes and congists of a 275 acre impoundment with a maximum
depth, at the normal water supply pool elevation of 518 feet, of 86
feet at the dam, and an average .depth of approximately 54 feet. Fish-
ing is the primary recreational activity that takes place on the lake,
and along the shore in designated locatioms. Sport fishing, primarily
for trout, accounts for about 42% of the total recreational visitation
at Littleville Lake, while sightseeing, mostly at the dam, accounts
for about 50%. Most of the shoreline fishing takes place in the vici-
nity of the two boat launching ramps at the Huntington Access Area
under the dam, and at the Dayville Access Area at the upper end of the
lake. Over the past four years sport fishing has averaged about 31,000
visitor days annually. Approximately 607 of this use is recorded at
the Huntington Access Area and about 40% at the Dayville Access Area.
Littleville Lake is considered an excellent cold water fishery.

—~
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3.10 Historic and Archaeclogical Resources

Prehistoric occupation of the Middle Branch of Westfield River
probably consisted of small campsites. These could have been located
to obtain seasonally available game, fish or plant resources or stone
for tools. The valley would have been a corridor for migratory ani-
mals moving between the Connecticut and Housatonic drainages. Pre-
historic hunting or trading parties could have followed the same
route, and small bands of warriors and refugees may have passed
through the area during the Indian Wars of the 17th and 18th centur-
ies.

There are no recorded prehistoric archaeological sites within
government property at Littleville Lake. It is possible that small
campsites, as described above, existed on the floodplain, while rock
shelters on the steep slopes above the valley may have -also been tem-—
porarily occupied.

Most potential prehistoric site locations on the valley floor
were destroyed by dam comstruction activity such as grubbing, strip-
ping, borrow pit operations and subsequent inundation. The only area
of relatively level floecdplain now above water is near the northern
end of the permanent pool in the vicinity of the northern boat ramp.
Neither this area nor the uplands surrounding the permanent pcol have
been subjected to systematic archaeological survey.

The town of Chester was first settled in the late 18th century.
Agriculture formed almost the sole economic base of the town until the
- second quarter of the 19th century, when the growth of woolen manufac-
turing and subsequent construction of the railroad began to transform
the town into a small industrial center. The continued decline of up-
land agriculture intensified the shift to a primarily manufacturing
economy during the late 19th and early 20th centuries.

The area now occupied by Government property at Littleville Lake
was primarily farmland throughout the historic period. Though sheep
farming in the early 19th century probably resulted in clearing of
most of the area, by the mid 20th century nearly all but the valley
floor had reverted to second growth woodland.

The only concentration of settlement was at the village of
Littlevilie, where a small manufacturing community developed. The
first gristmill in town was built here in the 1760's. This was fol-

-lowed by a saw and turning mill, shoe shop, cider mill, machine shop,
cardboard shop and tannery. All of these were closed by the mid 20th
century. The wvillage also had a post office, store, school, church
and cemetery. Another cemetery, the Fiske cemetery, was located omn

- East River Road between Littleville and Dayville., All interments
from both cemeteries were removed during dam construction and relo-
cated elsewhere. '

Nearly all of the historic period sites within present Govern-

ment property at Littleville Lake are now below the permanent pool
and were subjected to grubbing and stripping during dam constructiom.
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3.11

" Five recorded historic dwelling locations above the permanent
pool are subject to frequent inundation probably at least once per
year, Two of these sites are near the end of South Worthington Road
and three are on East River Road. Four of these dwellings predated
1870, while the fifth dated from sometime between 1870 and 1894. A
total of 8 outbulldings were associated with these. The locations of
three of these dwellings also have moderate prehistoric site potential,
as they are located on the floodplain, The building foundations at
these sites were filled during dam construction, and heavy vegetation
now obscures their exact locations.

The Fiske Cemetery site has been inundated 8 times since 1967.
As the interments were removed, this has had no effect upon any sig-
nificant cultural resources. 8ix other dwelling locations are below
the dam spillway elevation, but have never been inundated, while 3
more are above spillway crest,

Socioeconomic Resources

The Westfield River Basin encompasses, either wholly or partially,
approximately 30 communities in western Massachusetts. Communities in
the northern portion of the watershed are primarily rural and sparsely
populated. More concentrated population centers including the cities
of Westfield, West Springfield, Holyoke and the town of Agawam, lie in
the southern portion of the watershed.

Early development within the basin occurred along the rivers and
streams on the eastern slopes of the Berkshires during the mid 1700's.
The establishment of grist, saw and paper mills and tanneries charac-
terized early industry. However, due to the rugged terrain through-
out the region, expansion of industry was limited to the southeastern
portion of the watershed, with the northern communities concentrating
on agricultural activities,

Holyoke, with a population of 46,790 in 1975, is the most popula-
ted community in the watershed, followed by Westfield with a popula-
tion of 32,863. All of the communities in the watershed have popula-~
tions under 10,000. The town of Huntington had a population of 1,730
in 1975, showing a 37.7 percent increase over the preceding 25 years.
Chester's population on the other hand, showed an overall decrease of
13.8 percent between 1950 and 1975, although the first five years of
the '70's indicated an 8.7 percent increase. Overall, the basin com-
munities have continued to experience population increases with Holy-
oke the only city to show sustained loss.

Many residents living in the northern portion of the watershed
are still engaged in agricultural activities. Other residents com-
mute to jobs in the larger population centers in the Pittsfield and
Springfield-Chicopee-Holyoke (SCH) Standard Metropolitan Statistical
Area (SMSA). Manufacturing is the largest employment sector in the
southern portion of the watershed, although it has experienced a
decline in total number employed. Sectors showing increases in em-
ployment include the services and finance, insurance and real. estate

sectors.
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4.0 HYDROLOGY

4.1 Hydrologic Characteristics

Littleville Lake is a multipurpose flood control and water.
supply Corps project located in the Westfield River basin, a.
tributary to the Connecticut River, in West Central Massachusetts
at approximately 42° 16" north latltude and 72° 53" west longi-
tude. The Westfield River has a total watershed area of 517
‘square miles with Littleville accounting for a drainage area of
52.3 square miles. A map of the Westfield watershed is shown on
Plate 1 (Appendix A). A plan and profile of the dam are showm
on Plates 2 and 3 (Appendix A).

The Westfield watershed has a cool semihumid climate typi-
cal of the New England region. The average annual temperature
is about 45 degrees with monthly averages varying from about 69
degrees in July to about 21 degrees in January. Extremes in
temperature range from summertime highs in the ninetles to win-
tertime lows in the minus twenties. The mean annual precipita-
tion in the basin is 44 inches occurring quite uniformly through-
out the year, generally as periodic storm fronts of 1 to 2 days
duration. Average maximum and minimum monthly precipitation, as
recorded at nearby Knightville Dam, are listed in Table 2. Much
of the winter precipitation occurs as snow with an average annual
snowfall of about 56 inches. The snowpack usually reaches a maxi-~
mum in early March with an average maximum water equivalent of
about 4.0 inches.

The Westfield River watershed, the fifth largest tributary
area to the Comnecticut River, covers a large portion of the
eastern slopes of the Berkshires in western Massachusetts. The
basin is located within the confines of Berkshire, Franklin, Hamp-
den and Hampshire Counties, with a small portion extending into
Hartford County, Connecticut. The watershed has a total drainage
area of 517 square miles. Elevations in the watershed vary from
2,505 feet NGVD at Borden Mountain in the headwaters to about 40
feet at the confluence with the Connecticut River in Agawam and
West Springfield, Massachusetts. Topography of the upper por-
tion of the Westfield River basin, above the city of Westfield,
is rough and rocky and is drained by many small streams which are
conducive to rapid runoff. About 2 miles downstream of Westfield
the watershed is bisected by a row of hills, Provin and East
Mountains, which are a section of the Holyoke range.

The Westfield River has three principal headwater tributar-
ies: the main stem Westfleld, Middle Branch and West Branch,
Littleville Dam is located on the Middle Branch of the Westfield
River, 1 mile upstream of its confluence with the main river,
The Middle Branch of the Westfield River originates near the
Peru~Worthington town line in northwest Worthington and flows in
a southeasterly direction for about 16 miles to its confluence
with the Westfield River at Goss Heights in Huntington. '
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TABLE 2
" MONTHLY PRECIPITATION IN INCHES

AT KNIGHTVILLE DAM, MASSACHUSETTS
(Period of Record - 1948 - 1975)

Month Mean Maximum Minimum
January 3.08 6.40 0.75
February 3.18 5.11 1.24
March 3.82 10.18 1.28
April 3.68 5.97 0.82
May 3.54 6.73 0.95
June 3.64 9.12 0.57
July 3.39 7.71 1.12
August 3.69 15.27 1.06
September 3.59 8.06 1.38
October 3.46 16.95 0.42
November . 4,36 8.11 0.81
December 4.23 9.38 0.65
Annual 43.61 62

.36 32.15
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4.2

The average annual streamflow in the Westfield basin is
about 55 percent of the mean annual precipitation, or 25.7 in-
ches of runoff, equivalent to an average runoff rate of about 2
cubic feet per second (cfs) per square mile of watershed area.
Based on 61 years of streamflow records on the Westfield River
at Westfield, the maximum annual runoff was 44.1 inches in 1928
and the minimum anmual runeff was 11.1 incheg in 1965. Though
precipitation is quite uniformily distributed throughout the
year, the melting of the winter snow cover results in about 50
percent of the annual runoff during the months of March, April
and May. TFlows are usually lowest during the months of July,
August and September. I

“The USGS gage 01180500 at Goss Heights, Massachusetts is
located on the Middle Branch just downstream of Littleville Dam,
Because water supply diversion at Littleville has not commenced
and the project is operated principally for short term flood
control, the monthly flows recorded at the dowvnstream gaging
‘station are representative of the natural monthly streamflow at
the project site. A summary of average, maximum and minimum ;
monthly flows recorded at the gage is listed in Table 3. A E
flow duration curve (discharge rate versus percent of time) ‘for °
the gage site 1s shown on Plate 4 (Appendix A).

Littleville Reservoir has a total storage capacity of
32,400 acre-feet between invert elevation 432 feet and spillway.
crest elevation 576 feet, Of the total storage, 9,400 acre-~feet
is for backup domestic water gupply for the city of Springfield
system and the remaining 23,000 acre-feet is flood contrel '
storage. The flood control storage is equivalent to 8.3 inches
of runoff from the contributing 52.3 square miles of watershed
area., The normal pool level of Littleville is elevation 518
feet except during periods of short duration flood regulation.
Pertinent data on storages and elevations is listed in Table 4.
An area capacity curve for the project is shown on Plate 5 (Ap~
pendix A).

Hydropower Potential

The hydropower potential of a volume of water i1s the pro-
duct of its weight and the vertical distance it can be lowered.
Water power is the physical effect of the weight of falling
water. The function of a water power facility is to transform
this gravitational potential energy into mechanical energy, by
turning a turbine, for utilization in creating electrical energy
via a generator. The potential amount of watexr power of any
stream, river or lake is a function of: (a) the average annual
streamfiow and (b) the average annual hydraulic head. Both the
rate of discharge and the head are quantities which may fluc-
tuate; therefore, it is the magnitude of these two quantities
@and their wvariability that determine the potential energy of a
site and its dependability.
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TABLE 3

AVERAGE MONTHLY FLOWS (1911-1978)
MIDDLE BRANCH AT GOSS HEIGHTS, MASSACHUSETTS
(Drainage Area = 52.6 Square Miles)

Percent
Average Flow . _
of Annugl Maximum Monthly Minimum Monthly

Yonth CFS  Inches Runoff CFS  Inches CFS  Inches
January 98.3 2.1 7.6 227 5.0 15 0.3
February 89.3 2.0 7.3 247 5.4 17 0.4
March 7 ; 214.4 4.7 17.1 653 14.3 46 1.0
April . : 292.9 6.4 23.3 594 13.0. 54 1.2
May ' 136.2 3.0 10.9 280 6.1 35 0.8
June. S 68.9 1.5 5.5 351 7.7 . 4 0.1
July - o ) 34.3 0.7 2.5 150 3.3 5 0.1
August ' 32.2 0.7 2.5 316 6.9 3 0.1
September 39.1 0.9 3.3 328 7.2 1 -
October 52.1 1.1 4.0 507 T 4 0.1
November : 97.0 2.1, 7.6 366 8.0 - 9 0.2
December 107.4 2.3 8.4 351 7.7 18 0.4

47,7 43 11.3

Annual 105.1 27,5 . o N 182 .
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Invert

Top of Water Supply Pool
Spiliway Crest

Maximum Surcharge

Top of Dam

LE 4
STORAGE - ELEVATION DATA

TAB

LITTLEV

ILLE DAM

{Drainage Area =

Elevation

(Ft,NGVD)
432
518
576
591
596

52.3 Square Miles)

Stage . Pool Area Storage Runoff
{ft) {acres) (ac-ft) {inches)
0 6 0 0
86 275 9,400 3.4
144 510 23,000 (net) 8.3 (net)
159 584 31,200 (net) 11.2 (net)
164 - - -



The potential rate of power generation, normally measured
in kilowatts, is determined by the formula:

EHQ
P = 11.8

‘where:

= Power or capacity in kilowatts

Combined turbine and generator efficiencies
= Rate of discharge -in cubic feet per second
Net hydraulic head in feet

mO E Y
I

With today's highly efficient turbines and gemerators, an
average combined efficiency of 80 percent can be reasonably as-
sumed for a typical range of operating head and discharge condi-~
tions. The potential amount of power generation over a period
of time, "energy",is normally measured in kilowatt-hours and is
equal to the average capacity times the duration of generation.

“At Littleville there exists a normal pool level at eleva-
tion 518 feet, thus providing an existing hydraulic head of
about 86 feet. :With an average annual flow of 103 cfs, there
presently exists a theoretical maximum average annual energy
potential at the site of 5261 megawatt hours.

Because of the seasonally low flow character of the Middle
Branch and:the lack of hydropower storage for seasonal regula-
tion, any.hydropower -development at the-site would have to be
viewed generally as a "run-of-river" operation with little de- -
pendable capacity and the energy generated evaluated as "fuel
saver', Though capacity would not be dependable, it is noted -
that with a permanent pool, the site would be capablé of provid-:
ing "spinning reserve'" capacity for emergency short term gen~
eration. It is further noted that the average streamflow in
December, the peak electrical demand month, approximates the
ammual average flow; therefore, average capacity during this
peak load month would be equal to the 1nsta11ed capacity at
the average annual plant factor..

Also, as part of flood control operations, it is expected
that following freshets, a small amount of storage at the pro-
ject could be used for temporary storage of excess flows to
permit use for genmeration rather than immediate emptying. For
purposes of this study, storage capacity equivalent to one-
half inch of watershed runoff, was con31dered potentlally
available for hydropower regulation,
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5.0 PROPOSED ALTERNATIVES

5‘1

Description

Four alternatives of hydropower development were investiga-
ted at Littleville Lake. Alternative 1 would use the existing
48 inch diameter water supply conduit through the dam as a pen-
stock which would require minimum modifications to the dam.
Alternative 2 would involve the installation of a larger water
supply conduit for use as a penstock. Alternative 3 would re-
quire the installation of a separate penstock extending from
the higher level flood control outlet structure to a downstream
station. Alternative 4 would add a bascule gate to the spill-
way to permit raising the permanent pool.

Comparative data for the alternmatives is shown on Table 5.
Annual cost estimates were based on a 50 year project life and
financing at 8 percent interest rate. Project cost estimates
were based on information contained in U.S. Army Corps of En-~
gineers Guide Manual: "Feasibility Studies for Small Scale
Hydropower Additions”, July 1979, updated to 1980 price levels.
Because the streamflows at Littleville are relatively small and
a small amount of storage capacity could be used for reregula-
tion, all alternatives considered using a single hydropower
unit.

Alternative 1 would locate a powerhouse approximately 200
feet downstream from the toe of the dam. TFlows would be passed
through the existing 48 inch water supply 1line, then diverted
through a turbine and discharged to the Middle Branch of the
Westfield River. The mnormal pool elevation would be raised
from the present 518 to 522 feet NGVD, and the storage between
these elevations would be used for hydropower regulation. This
would provide a 90 foot hydraulic head for power calculations.,
Assuming maximum permissible veloecities of 8-10 feet per second
in the conduit, the installed hydraulic capacity was limited to
about 125 efs and the generating capacity to .76 megawatts.
With this capacity, average annual generating potential would
be 3261 megawatt hours at an estimated comparable cost of-32
mills per kilowatt hour. A sketch of Alternative 1 is shown on
Plate 6 (Appendix A). :

Alternative 2 is similar to 1 except the 48 inch water
line was. assumed replaced with a 72 inch diameter penstock to
determine 1if the increased generating capacity and energy out-
put would justify the added cost. This plan would have an in-
stalled hydraulic capacity of about 225 cfs and a generating
capacity of 1.4 megawatts. Average annual energy generation
would be 4062 megawatt hours at an estimated cost of 40 mills
per kilowatt-hour. A sketch of this alternative is shownh on
Plate 7 (Appendix A).
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Alternative

TABLE 5

COMPARATIVE DATA OF THE ALTERNATIVES

Description

Tap 48 inch Waterline

Replace Waterline with
72 inch line

Independent 7 foot
Penstock

Install Bascule Gate

LITTLEVILLE LAKE

Capacit
{cfs) Tmw)

.76

125
225

300
125

1

A

Head
{ft)

90
90

90
111

Annual Energy

Comparative Cost

(Megawatt Hours)
3261
4062

4490
4021

(MiT1s/kiTowatt-hour)
32
40

41
149



Alternative 3 would construct a separate 7 foot diameter
penstock which would be independent of the existing water supply
facilities. It would extend from the higher level flood control
outlet works to a hydropower unit located at the downstream toe
of the dam. The penstock would be about 375 feet in length.
With a hydraulic capacity of about 300 cfs and 90 feet of head,
the generating capacity would be 1.9 mepawatts. Average annual
generation would be about 4,490 megawatt hours at an estimated
cost of 41 mills per kilowatt-~hour. A sketch of this alterna-
tive is shown on Plate 8 (Appendix A). ‘

Alternative 4 would add bascule gates to the spillway to
permit raising the normal pool leval for hydropower. Adding 10
foot high bascule gates at spillway crest elevation 576 feet
would provide added regulating storage and permit the raising of
the normal pool 25 feet from 518 to 543 feet. This would pro-
vide a hydraulic head of 111 feet. A powerhouse would be loca-
ted downstream from the toe of the dam and would utilize the
existing water supply line. A generating capacity of 1.0 mega-
watt would be realized with average annual generation of 4,021
megawatt hours at an estimated cost of 149 mills per kilowatt
hour. A sketch of this alternative is shown on Plate 9 (Appen-
dix A).

0f the four alternative plans of development at Littleville,
Alternative 1 appeared superior to the other three because of
minimal project modifications raquired and its ability to realize
a large percentage of the total potential energy of the site.
This general plan of development was therefore selected and rec- -
ommended for further study. This plan, though small in size,
appears feasible and could serve as a demonstration project.

During the initial stages of the study, a hydropower diver-
sion from nearby Knightville Dam to Littleville Lake was sugges-—
ted. TFlows diverted by tunnel from RKnightville to Littleville
would increase flows at Littleville and realize an increased
hydraulic head at Littleville over that at Knightville,

Such a plan would require raising Knightville Dam or provid-
ing spillway bascule gates so that a pool could be established at
an elevation permitting diversion to Littleville.  Normal poel at
Littleville is presently 518 feet, whereas Knightville is 485+
feet.

The dowmstream invert at Littleville is approximately 432
feet, or about 48 feet lower than Knightville. Therefore, the
increased head by diverting from Knightville, rather than hydro-
power development at Knightville, would be 48 feet less the head
loss required for diversion. Assuming generation facilities of
a given hydraulic capacity either at Knightville or Littleville
would be comparable in cost, then the economics of diversion from
Knightville to Littleville would depend on the cost of the diver-
sion facility versus the incremental increased energy benefit due
to added head.
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5.2

. Raising Rnightville Dam 6.3 feet or providing spillway bas-
cule gates would permit establishing a’ pool ‘at elevation 532 feet
or about 14 feet above the normal pool level at Littleville. A
10 foot diameter diversion tunmel, 7,000 feet in length would
have a diversion capacity of about 610 c¢fs, This diversion capac~-
ity would provide an average annual diversion to Littleville of
about 255 cfs and with 36 feet net increase in head (48 feet -

12 feet head loss), the incremental increase in annual generation
by diversion to Littleville would be 5.47 million kilowatt hours
per year.

The cost of a 10 foot diameter concrete lined tunnel, 7,000
feet long, has been estimated to be 9.0 million dollars. The .
added cost for the added energy would be an estimated 130 mills
per kilowatt hour.

Baéed on the above analogy and current energy values, it was
concluded that a plan for hydropower diversion from Knightville
to Littleville was not practical.

Turbine Selection

There are two basic classes of hydraulic turbines - impulse
turbines and reaction turbines. The fundamental difference is
that impulse turbines are driven by the kinetic emergy of a high
velocity jet; whereas, reaction turbines, are driven by the com-
bined pressure and velocity of water.

. The impulse design has cost~effective operating characteris~
tics for high heads. (800 feet and higher) and is not suitable for
the Littleville project. Reaction turbines have two basic types
of runners - Francis rummers and Propeller runners. With the
Francis runner, flows enter the rumner radially and exit axially;
whereas, with the Propeller rumner, the flow enters and exists
axially. The Francis type rummer is more applicable to higher
head installations and is usually cost-effective at heads of 100
feet or more. The Propeller rumner is more applicable to the
lower head-higher discharge installations. It can operate at
heads up to 100 feet but is usually most cost-effective at heads
of 60 feet or less. A Propeller runner with adjustable blades
is known as the "Kaplan' runmer. Both turbine types are normally
equipped with wicket gates to permit placing the unit on line at
synchronous speed, to regulate load and speed, and to shut down
the unit, Both the Francis and Propeller turbines can be of a
horizontal or vertical design - the axis of the runner being in
the vertical or horizontal plane. There are also Propeller tur-
bines of slant design. BRoth the Francis and Kaplan turbine,
equipped with wicket gates can operate quite efficiently under
varying discharge from about 40 to 105 percent of design capac-
ity. The Francils unit can operate under varying head from about
60 to 125 percent of design head; whereas, the Kaplan can oper-
ate satisfactorily under a range of 60 to 140 percent of design
head.
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5,3

For the installation at Littleville, with a 90 foot head and
storage regulating eapability, a single.horizontal Francis tur-
bine unit was considered most appropriate.

Characteristics of the various turbine types and sizes were
obtained from manufacturer literature and from the U.S. Army
Corps of Engineers Guide Manual: "Feasibility Studies for Small
Scale Hydropower Additioms", July 1979. o

The selection of turbine size and hydraulic capacity was
based on the head and flow characteristics at the site and the
hydraulic capacity of existing facilities at the project. The
selected capacity adequately harnesses a major portion of the
hydropower potential of the site and resulted in a reasonable
average annual plant factor. Further optimization of selected
installed capacity may result with more detailed design studies.
However, use of available "package" type turbine and generator
units should provide economies over custom designs.

Generator Selection

Generators are either synchronous or induction types. The
synchronous unit is equipped for self excitatlon and synchroniza-
tion before going onto the grid; whereas, the induction generator
relies on power from the grid for excitation. Induction genera-
tors are somewhat cheaper in cost and more applicable to small
installations; however, utility companies are reluctant to having
numerous small units in the system capable of draining power from
the grid for excitation. Therefore, for this study, a .synchronous
generator was assumed. Generators would have rated capacities
equal to or greater than the rated turbine capacity and also be
capable of operating continuously at a 15 percent overload.
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6.0 RECOMMENDED ALTERNATIVE

6.1 Pertinent Data

6.2

The recommended alternative for hydropower development at Little-
ville Lake, Alternative 1, would locat& a powerhouse approximately 200
feet downstream from the toe of the dam. Flows would be passed through
the existing 48 inch water supply line, then diverted through a turbine
and discharged to the Middle Branch of the Westfield River. The power-
house would contain a single 760 kilowatt horizontal Francis turbine
capable of discharging 125 cfs under a head of 90 feet. The unit would
be equipped with a synchronous generator with not less than 760 kilo-
watts capacity. The potential average annual energy generation would
be 3,261,000 kilowatt hours at an average annual plant factor of 0.49,
Computation of the average annual energy i1s graphically illustrated on
Plate 10 (Appendix A). A list of pertinent data is shown on Table 6.

"A General Plan of Alternative 1, the recommended alternative, is shown

on Plate 11 (Appendix A)}. A plan and section of the powerhouse is
shown on Plate 12 (Appendix A). ~

Project Operation

The Littleville Lake is presently maintained at elevation 518
feet NGVD with outflow equal to inflow except during periodic flood
regulation. Discharges are presently made through the flood contrel
outlet works. Hydropower development would consist of tapping the
existing 48 inch diameter water supply line through the dam and using
it as a penstock to a small hydro plant located just downstream. Flows
would pass through the 48 inch water line, through the turbine for pow-
er, and discharge to the river. The proposed plan would still allow
the city of Springfield use of their water supply via the 48 inch water
supply line. The Littleville water supply is used as a backup to ths:
existing city of Springfield water supply system during periods of
severe drought. Its use in the future during severe droughts would
have little effect on the long term average annual hydropower potential,
The existing Springfield system has an average vield of about 50 MGD
(million gallons per day) and a dependable yield of about 37 MGD with-
out Littleville. Present demand on theilr system is about 37 MGD, with
little change over the past several years.

The normal pool would be raised from the present 518 feet to 522
feet, and this infringement on existing flood control storage of 1260
acre~-feet would be utilized for hydropower generation. Following
flood periods, there is also a possibility that stored floodwaters up
to about elevation 527 feet might be temporarily stored (for up to a
week) for later generation rather than immediately dumped. This ad~
ditional infringement on flood control storage, which is equivalent to
1540 acre-feet of storage could produce a potential average annual in-
crease in energy of 465,000 kilowatt hours. It is noted that for the
purposes of this study, average annual generation of 3,261,000 Kwh
will be used.
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TABLE 6 -

PERTINENT DATA
LITTLEVILLE LAKE

“RECOMMENDED PLAN

(Alternative. 1)

Number of units

Throat diameter (ft.)

Hydraulic head (fty)

'Hydraulic capacity (cfs)

Generator type
Generator capacity

Potential Annual Generation

~Plant factor

_ Turbine/Generator efficiency

Typé'of turbine
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1
2.22
90 -

125

Synchronous

760 kw

3,261,000 kwh

0.49-
80%

Horizontal Francis



- ~With the planned installation, generating flows would range from
a .low of about 50 cfs to a high of 131 cfs.’ Presently, inflows are
less than 50 cfs about 50% of the time occurring mostly during mid-
summer to late fall. During low flow periods, it is expected that
generation would be intermittent, allowing inflow to be stored until
sufficient for a period of generation, while still maintaining a min-—
imum required downstream release of 5 cfs.  Inflow to the reservoir
exceeds 125 cfs about 20% of the time, generally occurring in March
and April, During this time, generation would be continuous. Pool
fluctuations as a result of intermittent hydropower generation would
generally not exceed 4 feet and would be in the 518 to 522 ft. range.
Rate of change in the head pool due to '"on and off" hydropower opera-
tions would be significantly greater during periodic flood regula-
tions. '

The proposed hydropower development at Littleville Lake would
have to be viewed generally as a '"run-of-river" operation with the
energy as "fuel saver",
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7.0 ENVIRONMENTAL CONSIDERATIONS OF THE ALTERNATIVE .

The proposal for harnessing the hydropower potential at Little-
ville Lake would involve the installation of a powerhouse downstream
of the dam, This plan would raise the normal pocl from the present
518 ft. elevation to 522 ft, NGVD, thereby, providing a 90-foot hy-
draulic head for hydropower generation. Fluctuations of the power
pool through hydropower operations would be caused by the variatioms
in loading in the plant., Maximum daily fluctuations due to hydro-
power operations would not exceed one ft./day. Higher seasonal fluc-
tuations due to flood control operations would occur as usual. There
is a possibility that following freshets, floodwaters up to elevation
527 ft. might be temporarily stored for release through the turbine.
Flood storages above 527 ft, would be released through the flood reg-
ulating gates under present flcod operation procedures. It is anti-
cipated that water stored for power would not remain in the reservoir
longer than for normal flood storage operations. When inflows are
low the minimum required downstream release of at least 5 cfs (Massa-
chusetts State Law) would be maintained, and the generator would be
operated intermittently with storage regulation between elevations
518 ft. and 522 ft. The extent of the impact of hydrcopower develop-
ment on the downstream fishery during low flow.: periods would be
investigated in future studies. A more detailed description of the
plan of hydropower development is given in Secticn 6.0,

Topography, Geology and Climatology

It is not expected that the addition of hydropower to Littleville
Lake will have any significant impacts on the topography, geology or
climatology of the area. The increased water level and daily fluctua-
tion of the pool will result in minor sloughing of the reservoir shore-
line in limited reaches during the first three years of operaticn, but
will stabilize.

Water Quality

The water quality changes caused by hydropower development will
depend on what changes are made fo the existing impoundment and how
it is operated. The proposed plan would railse the pool level about 4
feet to a maximum depth of 90 feet, This would tend to strengthen
stratification patterns with the hypolimnion being slightly larger and
perhaps slightly colder. Dissolved oxygen and iron and manganese pro-
blems could be aggravated. The level of withdrawal would greatly in-
fluence stratification and downstream conditions. If cold water is
released, the hypolimnion would shrink, and the existing cold water
fishery could be adversely affected. Conversely, withdrawing water
from the epilimnion would result in a warm water condition downstream.
An optimum method of operating the water supply intake structure to
balance reservoir and downstream water quality requirements would have
to be develeped.

Future studies would develop the plan for optimal water quality
control and provide predictions of water quality conditions caused by
raising the pool.

28



Aquatic Ecosystem

The main impact on Littleville Lake results from raising of the
pool elevation to 522 ft. The proposed action would increase the lake
by approximately 15 acres to about 290 acres. This would inundate the
present shoreline and the lower portions of the tributaries surround-
ing the lake including about 420 feet of the Middle Branch. Minor ero-
sion would temporarily increase the amount of suspended solids and
nutrients and hence the biological oxygen demand of the lake water
around the littoral areas, Primary and secondary productivity may in-
crease slightly, but would return to normal once the lake stabilizes.
Substrate instability of the littoral zone may stress aquatic organ-
isms, particularly those which use this area for food or cover. Large-
mouth bass, which nest in these areas during May and June, may be also
affected,

The water supply line would be used for power generation, because
it draws from deeper waters than does the flood control outlet. The
water supply inverts occur at elevations 447.0, 465.4, 483.8 and 502.2
ft.; whereas, the flood control weir is at 518 ft. The dissolved ox-
ygen, during August and September, is less than 5 ppm below the 500
ft. elevation. Thus, releases made from the three intake gates below
this elevation would release the low oxygen water immediately downstream
of the outlet works, High oxygen demanding trout in the vicinity may he
stressed or killed if exposed to the oxygen deficient waters for a suf-
ficient enough time. Future studies would address an appropriate re-
lease plan which would have the least impact on the downstream fishery
as well as the lake fishery.

‘Dovmstream flows with the addition of hydropower would not be much
different than the variations associated with present flood control
operations. -Release of flood storage is expected to have the same de-
gree of flow variation as with previous events. The addition of hydro-
power would change the present downstream fleow regime under low flow
conditions. TLow flows {(below 50 cfs) do oceur in the Middle Branch
during July, August and September. (See Table 3, Section 4.0) With the
adition of hydropower, the turbines would be shut down when flows fall
below 50 cfs until sufficient storage is available. During this time,
the required minimum flow would be maintained for the preservation of
downstream water quality and fish habitat. When enough storage is
available, release through the turbines would increase downstream flow,
The extent of the impact of such releases on the downstream fishery
during the low flow periods has not been determined.

Construction of the powerhouse in the downstream area would cause
disruption of an approxdimate 200 x 200 ft. section of the streambank
and may cause minor siltation in the immediate area. Some material
may be carried downstream but would eventually settle in areas of low
currents. It is not expected that this would stress downstream agquat-
ic organisms.
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Terrestrial Ecosystems

An increase of the pool elevation by four vertical feet for power
would Inundate approximately 15 additional acres of shoreline and its
assoclated vegetation. The affected vegetation would include perennial
grasses, ferns, maple, hemlock, ash and birch. Inundation would prob-
ably kill mest of these species, To avoid the hazards created by de-
caying vegetation, past Corps policy concerning the cleaning of shore-
line vegetation at hydropower projects has recommended clearing of 3
vertical feet above the target pool elevation (¥R 415-2-1). Because
the present treeline is at 523 ft.,, clearing of an additional two feet
may be required to accommodate the 522 ft. target pool elevation. In-
creasing the pool elevation would alsc raise the ground water elevation
around the lake shoreline., Changes in soill saturation levels may have
detrimental physiological affects on trees whose roots extend into the
raised water table. There may be changes in plant productivity and
growth or in susceptibility to disease or windthrow. The latter may
alter species composition of trees near the lower portion of the tree-
line. Some trees are more flood tolerant than others. McKim et al.
(1975) found that hemlock, sugar maple, birch and beech are relatively
intolerant to flooding during the growing season. Other species such
as red and silver maple, white ash and red oak were found to be tol-
erant to varying degrees., Those species of the former group which
occur in the lower portion of the treeline, i.e., that portion which is
inundated more frequently for longer periods of time, may not survive.
It is expected, in the long term, that the shift in pool elevation would
cause a shift in plant species composition in the lower portion of the
treeline in favor cf more tolerant species.

Upland and furbearing wildlife would be displaced from habitat be- -
tween 518 and 522 ft, Most would move to higher elevations and resettle
although some may perish. The shift may cause overcrowding in some
areas where the habitat maximum carrying capacity has been reached.

This is not expected to be significant considering the small amount of
habitat that would be removed (15 acres).

Rare and Endangered Species

Since there are no currently listed Federal threatened or endan-
gered species in the project area, no impacts are anticipated from
implementation of the proposed project. Any state rare or local spec—
cies residing In the project area would receive special consideration
according to Massachusetts State Law.

Recreational Resources

An increase in the lake elevation of 4 ft. would inundate both of
the heavily used boat launching ramps at Huntington and Dayville which
presently provide access to the lake for over 30,000 fishermen annual-
ly. The parking area and part of the access road at Dayville would
also be subject to inundation as would the turnaround at the Huntington
boat ramp. Consequently, to provide adequate access for fishermen to
the lake, both boat ramps and the parking area at Dayville should be
relocated back from their present locations and extended in order to
sérve a potential one foot daily lake level fluctuation.
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In regard to shoreline fishing at the designated areas near the two boat
ramps, the shoreline will be continually changing due to the fluctuating wa-
ter level which causes an area of exposed shoreline between the water and
shore vegetation. However, this probably would not significantly affect
fisherman access.

The most significant impact on fishing at Littleville Lake would result
from temporarily holding the lake at elevation 527 ft. after flood control
operations in order to provide more water for power generation. This would
cause the inundation of both relocated boat launching ramps and the parking
area at Dayville, and in effect, eliminate fishermen access to the lake un-
til the water level receded to approximately elevation 522 ft., probably in
about tiwo days. However, major flood control operaticns could result in
the lake level being held above the 522 ft. elevation for a longer period
of time. .

Historical and Archaéological Resources

Two historical period farmyard sites on South Worthington Road would
be partially inundated by a 522 ft. pool. These sites included two dwel~
lings, two sheds, a barn and a hen coop. Though both dwellings, and proba-
bly some of the outbuildings were built before 1870, their remains were bull-
dozed and filled during construction of Littleville Dam. The only surface
indication at these sites today is a dense blanket of weeds and brush out-
lining the area of disturbance. These sites appear to have been unexception-
al examples of rural farmyards, and their present heavily disturbed character.
indicates that they are unlikely to be eligible for nomination to the Nation-
al Register of Historic Places.

A small open area near the boat ramp at the northern end of the reser-
voir would be inundated by a 522 ft. pool. Records indicate that the area
below 523 ft. was cleared during dam construction, but this area appears to
have been open field at that time, and was probably left undisturbed. This
is one of the few level and well drained locations within the valley, and
has moderate potential for containing a prehistoric site. Therefore, the
area which would be inundated by a 522 ft. permament pool would be subjec-
ted to subsurface testing during the next stage of study for this project.
Temporary storage of water during freshets would result in frequent short-
term inundation up to 527 ft. As normal flood control operations inundate
these areas on a regular basis, no significant change in the effect of this
temporary inundation upon cultural resources is anticipated.

Socioeconomic Resources

The addition of hydropower to Littleville Lake is not expected to have
any significant impacts on socioeconomic resources as the dam and reservoir
are already present. The plan of hydropower development would involve only
minimal modifications to the existing facilities and is expected to take
about 18 months to construct.
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8.0 WATER SUPPLY

Littleville Reservoir has a total storage capacity of 32,400 acre-
feet between invert elevation 432 ft, NGVD and spillway crest elevation
5376 ft. Of the total storage, 9,400 acre~feet is for domestic water
supply for the city of Springfield system and the remaining 23,000
acre-feet i1s flood control storage. The Littleville water supply is
used as a backup to the existing city of Springfield water supply sys-
tem during periods of severe drought. Springfield's water supply sys-
tem is shown on Figure 3.

In December 1967 the city of Springfield entered into a contract
with the Government for water storage space in Littleville Reservoir.
A copy of the contract is contained in Appendix B. The terms of the
contract gives the city of Springfield the right to utilize storage
space between elevation 518 ft. and 432 ft.

As the Littleville water supply i1s used as a backup to the exist-.
ing city of Springfield water supply system during periods of severe
droughts, its use in the future is expected to have little effect on
the long term average annual hydropower potential.
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901

9.2

9.3

CIVIL PROJECT FEATURES AND COSTS

Civil Features

The recommended plan for hydropower development at Littleville Lake
{Alternative 1) would locate a powerhouse approximately 200 ft. down-
stream from the toe of the dam. (See.Plates 1l and 12, Appendix A.) The
powerhouse would contain a single 760 kilowatt horizontal Francis turbine
capable of discharging 125 c¢fs under a head of 90¢ feet. The potential
average annual energy generation would be 3,261,000 kilowatt hours. A
steel penstock would extend from the existing concrete water supply line
to the powerhouse. The powerhouse foundation would be cast-in-place
concrete on adequate bearing., The powerhouse itself would have struc-
tural concrete floors and walls with a steel roof., The exterior concrete
would have an architectural finish to blend with the rural surroundings.
The tailrace would be excavated in the riverbed, A small cofferdam down~
stream of the tailrace would isolate the construction from flows in the
main channel. Access to the site wouid be from North Chester Road.

Construction Schedule

A construction schedule is shown on Plate 13 (Appendix A}, A per-
iod of four to six months, prior to the start of construction, would be
required in order to assure the timely arrival of the required equipment.
The actual construction sequence would begin in July since this is the
normal dry time of the year and would mean less regulation of dam re-
leases. Once construction begins, work would be continuocus with the pos-—
sible exception of the coldest winter months. The construction period is
expected to take approximately 18 months.

Capital Cests

The capital costs for hydropower development at Littleville Lake has
been estimated to be $1.30 million and a breakdown appears in Table 7.
Costs listed in the table are based on a July 1980 price level,
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10.

11.

TABLE 7

CAPITAL COSTS
LITTLEVILLE LAKE HYDROELECTRIC DEVELOFPMENT

ITtem Cost

Turbine/Generator (Horizontal Francis) $ 370,000
Powerhouse (Civil) _ 60,000
Miscellaneous Powerhouse Equipment 50,000
Electrical Equipment 160,000
Valves ' 25,000
Penstock : 24,000
Tailrace 45,000
Switchyard ) 75,000
Transmission Line 39,000
Reservoir Modification 65,000
Reservolr Clearing ' | 30,000
$ 943,000

Contingencies 187,000

TOTAL DIRECT COSTS $1,130,000

Engineering and Construction Supervision 170,000

TOTAL CAPITAL COSTS $1,300,000
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10.0 ECOMOMIC ANALYSTS

10.1

10.2

The purpose of this section is to determine the financial feasi-
bility of the proposed plan of hydroelectric development at Littleville
Lake, . ' . :

Costs

Total capital costs of hydropower development are estimated to be
$1.30 million. A detailed breakdown is shown on Table 7 (Section 9.0),
Annual operation and maintenance is estimated to be $25,000/vyy... The °
period of analysis for the project is 50 years. Interest and amortiza-
tion was computed at 7 3/8% interest rate. - -

Littleville Lake Power Plant Investment Cost
(1980 Price Level)

Power Facilities Constructien $ 943,000
Contingencies 187,000

Subtotal $1,130,000

Engineering and Construction ,
Supervision 170,000

TOTAL CONSTRUCTION COST $1,300,000

(There was no interest during
construction charged because
the comstruction period is
less than 2 years.)

TOTAL INVESTMENT COST $1,300,000

Littleville Lake Power Plant Amnual Cost
‘ {1980 Pricé Level)

Interest & Amortization : $- 99,000
QOperation & Maintenance 25,000

TOTAL ANNUAL COST § 124,000

The project would produce approximately 3,261,000 kilowatt hours
of electricity annually at a cost of about 38.0 mills per kilowatt-
hour. '

Benefits

Because this is a preliminary feasgibility study and the installed
capacity of the project is relatively small, the resource cost of the
most likely alternative will not be used as a measure of the benefit
to the hydro plant. The project benefit will ultimately be determined
by the amount for which the power can be scld. Due to the variability
in the cost of energy production, an array of benefits was developed ;
based on a range of possible values for the sale of generated electri- b
city. A range of 40 to 80 mills per Kwh was chosen as appropriate for
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10.3

- analysis of benefits. The figure of 40 mills per Kwh is an approxi-

mation of the present day value. All benefits were derived by multi-
-plying the annual energy output of the plant by the unit energy value.

The following table summarizes the annual benefits:

Littleville Lake

Head ) 90 ft.
Installed Capacity ‘ 760 KW
Annual Energy 3,261,000 Kwh
Anmual Cost $124,000
Annual Benefit:

@ 40 mills/Kwh $130,400

@ 50 mills/Kwh 163,100

@ 60 mills/Kwh ' 195,700

@ 70 millis/Kwh 228,300

@ 80 mills/Kwh 260, 900
Benefit/Cost Ratio:

@ 40 mills/Kwh 1.05 to 1
@ 50 mills/Xwh 1.32 to 1
@ 60 mills/Kwh ' 1.58 to 1
@ 70 mills/Kwh 1.84 to 1
@ 80 mills/Kwh _ 2,10 to 1

Relative Price Shift Analysis

The Manual of Procedures for Evaluation of NED Benefits and Costs
in Water Resource Planning-Level C (Water Resource Council) states that
"benefits may vary over the life of a project.” One of the chief rea-
sons for this variation (if the most likely alternative to the project
is a thermal plant) is real escalation in fuel costs. If it is assumed
that the price range of power used in this study is similar to the value
of power produced by oil~fired plants, a relative price shift analysis
can be undertaken. To ensure efficiency in the use of planning re-
sources for such a small scale hydropower project, this analysis has
been undertaken using a very simplistic approach. Despite these simpli-
fications, the relative price shift -analysis proves to be a useful tool
by emphasizing the increasing cost of fuel which would be dlsplaced by
hydropower generation.

The energy price projections employed are those published by the
Department of Energy (Federal Register/Vol 45, No 16/Jan. 23, 1980).

JFuel prices (distillate, industrial sector) are per milliom BTU in

1980 dollars for DOE Region I (New England). Projectioms are annual
charges calculated in five-~year increments from 1980 to 1995:

Price Per

Year Million BTU's Energy Price Escalation late
(% Change Compounded Annually)

1980 6.22 1980 - 1985 : 1.32%

1985 6.64 1985 -~ 1990 : 1.95%

1990 7.32 1990 - 1995 : 3.66%

1995 8.76
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Approximately 80Z of the cost of energy production for a thermal
plant is fuel. For purposes of this analysis, B0% of each power value
in the range from 40 mills to 80 mills was increased by the appropriate
percentage annually to 1993, After escalating the fuel portion, the
non-fuel portion (20%) was added back in. The value of 1995 was as-
sumed to exist until the 50th vear of project life (2030). Escalated
energy values for each year of project life were then discounted and
annualized over the 30 year period resulting in a levelized energy
value applicable annually. The following table displays escalated
energy values at selected years, and the overall levelized energy

value:
Escalation of Base FEnergy Values

Base Value 40 mills 50 mills 60 mills 70 mills 80 mills
Escalated Value @ 1985 42.2 52.7 63.3 73.8 84.3
Escalated Value @ 1990 45.6 57 ~ 68.5 79.9 91.2
Escalated Value @ 1995 53 66.3 79.6 92.9 106
Levelized Energy 49.6 62.0 74.5 86.9 99.1

Value

The ultimate effect of relative price shift is the iﬂcreasing of
benefits to the hydro project. This is displayed in the following

table:
Littleville Lake Economic Analysis

Without Relative Price Shift With Relative Price Shift ‘

Energy Total Benefits Benefit to Energy Total Benefits Bemefit to~

Value Cost Ratio Value Cost Ratio

40 mills $130,400 1.05'to 1 49.6 $161,700 1.30 to 1

50 163,100 1.32 to 1 62.0 202,200 1.63 to 1

60 195,700 1.58 to 1 74.5 242,900 1.96 to 1

70 228,300 1.84 to 1 86.9 283,400 2.29 to 1
1 99.1 323,200 2.61 to 1

80 \ 260,900 2.10 to

10.4 Marketability

The electrical energy which would be produced by the project at
Littleville Lake would not be scld by the Corps of Engineers. Under
Federal law, power generated at Corps projects is marketed by the Depart-
ment of Energy to public bodies, power cooperatives and private utili-
ties. Although electricity is not sold directly to the consumer, the
underlying goal of all Corps hydroelectric projects is to provide power
to consumers at the lowest possible rates. Rates are set by the market-
ing agency and approved by the Federal Energy Regulatory Commission.

The marketing agency which serves New England is the Southeastern Power
Administration.
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10.5 Project Feasibility

10.6

The installed capacity of the project is relatively small (760 Kw)
as is the level of annual power output (3,261,000 Kwh) when compared to
total system load, Therefore, variations in the operation of the pro-
ject would have little or no impact on the operation of the total power

system. In effect, the output of the plant could be classisfied as

secondary energy, usableé ~for thermal energy displacement whenever en-

- ergy 1ls available. At present it is estimated that the project would

displace 4,600 barrels of o0il annually.

Previous displays in this section have shown benefit-cost ratios
above unity for energy values ranging from 40 mills to 80 mills per

. kilowatt-hour.' The inclusion of real fuel cost increase for the ther-

mal alternative reinforces project justification. The summary table

. below shows that the project is economically justified for all energy

values greater than 38.0 mills per Kwh.

Littleville Dam - 760 Kw Plant

Annual Cost Energy Value Benefit B/C Ratio

$124,000 - 38 mills/Kwh - 1$124,000 1.00 to 1
124,000 40 mills/Kwh 130,400 1.05 to 1
124,000 50 mills/Kwh 163,100 1.32 to 1
124,000 ‘ 60 mills/Kwh 195,700 1.58 to 1
- 124,000 70 mills/Kwh ' 228,300 - - 1.84 to 1
124,000 80 mills/Kwh 260,900 2.10 to 1

Interest Rate of Return

In addition to the benefit/cost ratio, another criterion can be
emploved to assess economic feasibility. This is the "internal rate
of return, (IRR). Basically, the internal rate of return is the dis-
count rate at which annual project costs and benefits are equal. The
decision criterion is to reject projects whose IRR is less than the
expected cost of financing used to implement the project. At present,
the interest rate applicable to Federal projects is 7 3/8%. The table
below displays the IRR for energy value ranglng from 38 to 80 wmills/Kwh.

Littlev1lle Lake - Internal Rates of Return

Energy Value Annual Benéfits Internal Rate of Return
38 mills/Rwh $124,000 7 3/8%

40 mills/Kwh 130,400 8%

50 mills/Kwh 163,100 10 1/2%

60 mills/Kwh 195,700 13 1/5%

70 millis/Xwh 228,300 15 3/5%

80 mills/Kwh 260,900 18 1/5%

It is apparent from the above table that for energy values greater
than 38 mills, the project will have a percentage rate of return great-
er than the cost of financing.
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11,0

CONCLUSION

- This report has determined that hydropower development at Little-
ville Lake is feasible and should be investigated further.

Four alternatives of hydropower development were investigated for
Littleville Lake. Of the four plans, Alternative 1 appeared superior
to the other three because of minimal project modifications required
and its ability to realize a large percentage of the total potentlal
energy of the site. ‘ :

The recommended plan, Alternative 1, would locate a powerhouse
approximately 200 ft. downstream from the toe of the dam. (See Plate
11, Appendix A). Flows would be passed through the existing 48 inch
water supply line to a turbine and then discharged to the Middle

" Branch of the Westfield River. The powerhouse would contain a single

760 kilowatt horizontal Francis turbine capable of discharging 125 cfs
under a head of 90 ft. The potential average annual energy generation
would be 3,261,000 kilowatt hours at an average annual plant factor of
0.49.

Total construction costs are estimated to be $1.30 million with
annual operation and maintenance of $25,000. The estimated cost of
energy would be about 38 mills per Kwh, '

Although hydroelectric development at Littleville Lake would be
small in size, it could serve as a demonstration project and would
offer the opportunity to develop a clean, renewable source of energy
at a reasonable cost.

40



APPENDIX A - Plates
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Contract No. DACW33=68-C-0052

COSTRACT BETWEEN TEE UNITED STATES O AMERICA
ARD
 THE CITY OF SPRINGFIELD
FOR
WATER STORAGE SPACE IN LITTIEVILLE RESERVOIR

THIE CONTRACT, entered into this 13th day of December, 1967, by and
between the UNITED STATES OF AMERICA (hereinafter called the Govermment),
represented by the Contracting Officer executing this conmtract, apd THE
CITY OF SPRINGFIELD, Magsachusetts, (hereinafter called the City).

WITHESSEYTE THAT:

WHEREAS, the Flood Control Act of 1958 (72 8tat. 305) authorized the
construction, operation, and meintenance of the Iittleville Reservoir on

the Middle Branch of the Westfield River, Massachusetts, (hereinafter called

the "Project”); and

WEEREAS, the City desires to contract with the Govermment for _
inclusion in the Project of storage for munlecipal and industirial water
supply, and for payment for the cost thereof in accordance with the
provisions of the Water Supply Act of 1956, ae emended (&3 USC 390 bef);
and,

WEEREAS, the City is anpowered g0 to contract with the Govermment,
and 18 vested with all DECceBBAry powers ror accomplishment of the purposes
ot this contract.

_NOW, THEREFORE, THE PARTIES DO MUTUALLY AGREE AS FOLLOWS:

ARTICIE 1. WATER STORAGE SPACE

. a. Upon making the first payment on the principal for the water
storage space, as provided in Article b4, the City shall have the right

(1) to utilize such storage space in the Project between
Elevation 518.0 feet above mean aen level and k32.0 feet above mean sea
level for water supply for municipal and industrisl use as deemed neces-
sayy by the City,

(2) to impound water in the Project and mske such
diversions as granted t¢ the City by the Commonwealth of Massachusetts .
to the extent that such storage will provide, and

(3) to vithdraw water from the aforesaid storage space
or to order releases therefrom to be made by the Govermment at any time
80 long as the elevation of the water in the reservoir is above Elevation
432.0 feet above mean sea level.
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b. The Govermment reserves the right bo teke such measures as
may be necessary io the operation of the Project to preserve life and/or

property.

c. ‘The City shall have the right to construct, operste, and
maintsin such instellations or facilities at the Project as it may deem
pecespary for the purpose c¢f diversions or withdrawale, subject to the
approvel of the Contracting Officer as to design and location. The City
shall bear all costs of comstruction, operation, and maintenauce or re-
placements of such installations and facllities.

d. The City recognizes that. this contract provides storage
space for raw water only. The Government makes no representation with
respect to the quality or availability of water and assumes no respon-
sibility thoreror, apd for treatwent of the water.

ARTICIE 2 METERING

For the purpose of maintaining an accurate record of water resources
at the Project, the City, prior to use of the water storage spsce, agrees
to install suitable meters or metering devices satisfactory +to the Con-
tracting Officer, without cost to the Government. ‘The City shall fur-

~ nish the Government nonthly statementa ot the qnantity of water withdrawn.

ARTICIE 3. REGUIATION OF THE USE OF WATER

"The regulation of the use of water stored in the aforesaid storage
space shall be the responsibility of the City. The City has the full
responsiblility to acquire im accordance with State laws and regulations,
and if' necessary to establish or defend, any and all water rights needed
for utilization of the storage provided under this contract. The Govern-
ment shall not be responsible for diversions by others, nor will it be-
come & party to any controversies involving the use of storage space by
the City, except as such conzroversies may effect the operations of the
Govermment. _

mmm h CONSIDERATION AND PA'mENT :
In consideration of the payments: provided in this agreement to be

‘paid by the City to the Government, the Govermment will provide storage

space in the Project as provided in Article 1. Ino consideration of the
Govermment providing the aforesald storage space to the. City, the City
shall pay the following sums to the Govermment: .

a. The sum of $2,202, 160.h8 which is the total estimated cost
of providing water storage space, includes the amount of $173,079.00 for

. specific costs plus a percentage of the total Joint-use cost amounting

to $1,915,784.00 and interest during construction in the amount of
$109,297.48. Ppayments sghall be made in the following manner:



Contract No. DACW33-68-C-0052

(1) A payment in the amount of $105,738.87 shall be made
on 1 June 1968, and anoually thereafter onm 1 June of each year up to and
including 1 June 1997. The date of 1 June 1968 is based on the assumption
that the City will start drawing water on or sbout this date. The
$105,738.87 is the anmual payment necessary to liquidate the $2,202,160.48
estimate of cost of storage space 1b a pericd of 30 years with an Interest
rate of 2.742% per snmum on the unpaid balance. In the event that the
date of withdrawal of water is delayed beyond 1 June 1968, the achedule
of payments for the atorage snell be delayed to the same extent.

' b. The aforesaid payments are more specifically set forth in
Exhibit "B" attached hereto and made s part hereof, and the last payment
of a.{1) above shall be adjusted upward and downward when due, to assure
the repayment of all capital costs and interest within the 30-year period,
in the following manner:

{1) In the event the actusl first cost of the Project &s
£inally determined exceeds the presently estimated first cost, the afore~
said annual payments shall be increased to reflect the actual first cost,
including interest durilng construction, as determined by the Contracting
Officer. In the event such first cost of the Project is less than the
presently estimated first cost, the aforesald annual payments shall be
decreased to reflect the sctual first cost, including interest dQuring
congtruction, as determined by the Contracting Officer.

{2) In the event the annual payments are increased or
decreased, as provided sbove, an adjustment, &s determined by the Con-
tracting Officer, of payments made prior to the determination of the
final Project cost shall be made in the first payment due after such
costs are determined. At the time that the fipal Project costs are de-~
termined, Exhibit "B" shall be modified toc reflect the increased or
decreased annual payments and such modifilcation will form & part of
this contract.

¢. HNo interest will be charged on the investment costs
(construction costs plus interest during construction) allocated to the
water supply until use is initiated, but suck interest-free period shall
not exceed ten years. If use is not Initisted until after September 1975,
(ten years from the time the project was completed and available for
water supply services) the ipterest at the rate of 2.742% from the tenth
year until use is initiated may, at the option of the City, be paid an-
nmzally in order to avoid the long term cumulative effects of such inter-
est. If the interest is not paid anmually, the interest from the tenth
year untll uee is initlated will be compounded annually and added to the
investment costs to be repaid.

d. The City shall have the right et any time it go elects to
prepay its indebtedness under Article 42 in whole or in part; with ac-
crued interest thereon to the dete of such prepayment.
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e. The annual experienced Jloint use cost of ordinary operation -’
and maintenance of the project allocated t0 water supply.

(1) The first payment estimated to be $9,2k2. will be

' due and psyable when water supply is uvtilized and payments are initi-

ated; presently estimated to be 1 June 1968 Anmual psyments will be

duve and payable in advance on the first day of June thereafter and will i
be equal to the allocated portion of the actual experienced joint use :
cost of ordinary operation and maintenance and replacewent costs for the

- preceding Government fiscal year. The second payment shall be incressed

‘or decreased In an amount to reflect the difference between the first

payment and the actual allocated portion of the experienced joint use

cost of crdipmary operation and maintenance and replacement costs for the
preceding Tiscal year. The joint use costs shall be allocated on the

basis of TO percent tc the Government and 30 percent to the City.

(2) Records of cost of operation and msintenance of the
Pfoject shall be available for inspection and examination by the City.
Hcwever, the extent of operation and maintenance of the Pruject shall be
determined by the Contracting Officer and all records and accounting
shall be maintained by the Contracting Officer. '

f. The City shell psy 100% of the cost of specific major
capital replacements for the water supply facilities, and 30 percent of
the coet of Joint-use major capital replacement itema and sedimentetion
resurveys, vhen incurred. Payment shall be made with the first anmial
peyment becoming due after the date said cost is incurred.

g In the event of default in the payment of the costs con-
tained in Article 4, a through £, the amount of such payments shall be
increased by an amount equsl to interest on such overdue paymente At the
rate of two and seven hundred forty-two thousandths per cent (2.742%)
per anoum thereon; compounded apnually, and such amount equsl to in-
terest shall be charged from the dete such payments are due until peid.

ARTICIE 5. PERIOD OF CONTRACT

This contract shall become effective as of the date of approval by
the Secretary of the Army and shall contimue in full force and effect
under the conditions set forth herein not to exceed the life of the project.

ARTICIE 6. PERMARENT RIGHTS TO S8TORAGE

Upon completion of payments by the City, as provided ip Article &
herein, the City ehell have & permaenent right under the provisions of
P.L. 88-140 to the use of such storage space in the project, as provided
in Article 1 herein, subject to the following:

a. The City must have discharged its responsibilities for
payment of the costs allocated to water supply.
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b. The City must continue payment of anmual operation and
maintenance costs allocated to water supply.

¢. The City shall bear the costs allocated to water supply
of any necegsary recopstruction, rehabilitation or replacement of Project
features which may be required to continue satisfactory operation of the
Project. Buch costs will be established by the Contracting Offlcer. Re-
paymeat arrangements including schedules will be in writing and will be
made & part of this contract.

d. Upon completion of payments by the Clty, as provided in
Article 4.a. above, the Contracting Officer shall redetermine the storage
space for municipal apd industrial water supply, teking into sccount such
equitable reallocation of reservoir storage capacities among the purposes
served by the project as may te necessary due to sedimentation. Such
£indings, and the storage space &llocated to municipsl and industrial
water supply shall be defined and described in an exhibit whick will be -
made & part of this contract by supplemental agreement. Following the
same principle, such reallocation of reservoir storage capacity may be
further adjusted from time to time a&s the result of sedimentation re-
surveys to reflect actual rates of sedimentation and the exhibit revised
to show the revised storage space allocated to munieipal and industrisl
water supply.

e. The permanent rights of the City shall be continued so long
as the Qovernment contimues to operate the project. In the event the
Government no longer operates the project, such rights may be continued
subject to the execution of a separate contract, or supplemental agree-
ment providing for:

(1) Continued operation by the City of such part of the
faecility as 1s necessary for utilization of the storage space allocated
to 1it;

{2) Terms which will protect the -public interest;

(3) Effective absolvement of the Government by the City
from all liability in connection with such continued operation.

ARTICIE 7. OPERATION AND MAINTENANCE

The Government shall maintain and operate the Project owned by
the Govermment. The City shall have the right to make withdrawels of
water for its purposes, as needed, in accordance with Article 1. The
City shall be responsible for operation and malntenance of all features
and appurtenance which may be provided and owned by the City.

ARTICLE 8. TRANSFER AND ASSIGNMENT

The city shall not transfer or assign this contract, nor any rights
acquired thereunder, nor suballot said water or storage space or any part
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thereof, nor grant any interest, privilege or license whatsoever in con-

nection with this contract, without approval of the Becretary of the Army
or his authorized represeptative; provided that this restriction shall
not be construed to apply to any water which mey be obtalned from the
water supply storage space by the City and furnished to any third party
or parties.

ARTICLE 9. RELEASE OF CLAIMS

The City shall hold and save the Government, including its officers,
agencies, and employees, harmless from liability of any nature or kind
for, or on account of, any claim for damages which may be filed or as-
serted as a result of the water supply storage in the Project, or withe
drawval or release of such water from the Project, made or orxrdered by the
City, or as a result of the construction, operation, or maintenance of
the appurtenances owned and operated by the City.

ARTICLE 10. FEDERAL AND STATE LAWS

The City shall utilize such storage space in a meanner coneistent with
Federsal and State laws.

ARTICLE 11. OFFICIALS ROT TC BENEFIT

No member of or delegate to Congress, or resident commissioner,
shall be admitted to any share or part of this comtract, or to any
benefit that mey arise therefrom, but this provision shall not be con-
etrued to extend to this contract if made with a corporation for its
general benefit.

ARTICLE 12. COVENANT AGAIRST CORTINGHNT FEES

The City warrants that no person or selling agency has been em-
ployed or retalned to solieilt or secure this contract upon an agreement
or understapnding for & commission, percentage, brokerage, or contingent
fee, excepting bona fide employees or bona fide established commercial
or selling agencies maintasined by the City for the purpose of securing
business. For breach or violation of this warranty the Government shall
have the right to annul thie contract without 1iability 'or in its dis-
cretion to add to the contract price or consideration, or otherwise
recover, the full amount of such commission, percentage, brokerage,
or contingent fee,

ARTICLE 13. APPROVAL OF CONTRACT

Thie contract shall he subject to the written approvel of the
Secretary of the Army and shall not be binding until sc approved.
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: IN WITNESS WHERECF, the parties hereto have executed this contract
as of the day apd yeay first above written.

TWO WITNESSES:

(o
Name

1o F+w,uﬁ4L?J.Aif
Ayl froaa

T Y \Address

Kame
3z /f/ﬂ,—e// S e e
,i: r’?%; At s, JI0E P

Address

APPROVED:

el R Koo

SECRETAiY OF THE ARMY

DATE:
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“REMI ‘0. RENIER

Colonel, Corps of Engineers
Division Engineer
Contracting Officer

THE CITY OF SPRINGFIELD
BOARD OF WATER COMMISSIONERS

o AU

T Mayor

c

;rman

v //////

Hember ﬂ/(/
oz
CORP B SEAL




CERTIFICATE

1, Willi»m G, Sullivan s 4o hereby certify

that I am City Clerk of the City of Springfield of the Commonwealth

of Massachusetts named herein; that rank H. Fresdman

who signed this contract on behalf of the City of Springfield was

then and there the duly elected end qualified Mayoral the City of

Springfield, that 5rivos i, lonolatis vho signed this

contract as the Chairman, Board of Water Commissioners, was then

and there the duly clectead and qualified Chairmen, Board

i)

of Water Commissicners, and that boraon M, Clulev who

- signed this contract as the Member of the Board of Water Commiseioners

was then and there the duly ap-~inted and qualified Mewber of
the Bosrd of Water com:t'ssioners,. that said céntract wvas duly signed
for and on behﬁlf of the City of Springfield and the Board of- ﬁater
COnnnissioders by virtue of their authority as Mayor and the Board
of Water Commissioners, respectively, arnd are within the' scope of
their and the City's statutory powers.

IN WITNESS WHEREOF, I have hereunto affixed my hand and the

A
PR

seal of the City of Springfield the 1zt day of Fabru-wry o6,

... City Clerk
cm SEAL -'nll.-!].vf-’.-w: :.:. ‘fulli\r"ll’l
AR
B CHETARE O R-Ts
aﬂ:‘
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EXRIBIT 4

Fesature

Flood Control
Water Supply

Total

1 - RESERVOIR STORAGES

Blevation Btorage Percent
Zrt. msl.) ]ac-fti

518 to 576 23,000 71.00
k32 to 518 . _9,k00 29.00
32,400 100.00

- II - ALLOCATION OF PROJECT INVESTMENT COST

Flood Control

Water Supply

Fotal

$5,058,637.57
2,202,160.48

$7,260,798.05

III - PROJECT COSTS ALLOCATED TO CITY OF SPRINGFIELD

i B .
" Cost of 9,400 acre-feet of water supply storage

$2,202,160.48

IV = ALIOCATION OF ESTIMATED OPERATION & MAINTENANCE COST

Speciflc Cost
Joint Cost

Total

WATER SUPPLY
City of Flood
Spr;ggfield Control Total
_ 3 =%

- 7,095 7,095
9,2k2 21,563 30,605

$9,242 $28,6586  $37,900

V - ALLOCATION OF ESTIMATED ANNUAL CHARGES FOR MAJOR REPLACEMENTS

Specific Cost
Joint Cost
Total

WATER SUPPLY
City of Flood
Springfield Control Total
$ $ - $
1,245 1,399 2,64k
4 119 168
$T’E£, $1,518 $2,812
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Ex A, contd.

VI - ANNUAL CEARGES TO CITY OF SPRINGPIELD |
Interest and amortizatlon of cost of water supply feature (1) $105,738.87

24,385 percent of the actual bperstion and maintenance
cost for the preceding fiscal year; computed as follows:

2
3%‘%%5 X100 = 2& 385$ Eetimated annual amount | . 6,242.00
29.167 percent of the Joint-use cost of major replacement
and sedimentation resurveys, when incurred, computed as follows:
X _
35% % 100 = 29.167% Estimated snnual amount 49.00
Total (Estimated) $115,025.87

(1) Based on 30 payments, 29 of which bear interest on the unpaid balance
at rate of 2.742 percent; computed as follows: :

D= R
WHEREIN:
14 1 D = anmial payment
{ ) R = amount to be repaid $2,202,160.48
i+ i ) i = interest rate 2 Th2
n=1 ) n = mumber of payments 30
(L+4) =1 :
OR:
D= $2,202,160.h6
; vhich = $2,202,160.48 x 048016 =
1+ 1
{ ; $105,738.87
02782 + .027h2
)
é (1 + .02782)29 ~ 1)
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EXHIBIT B

Amortization Schedule

Cost of Water Supply for the City of Springfield

66

TOTAL COST $2,202,160.48
NUMBER OF PAYMENTS : 30
INTEREST RATE, PERCENT 2.72
~  ANNUAL AMOUNT OF _____ APPLICATION — “BATANCE
PAYMERT KO. PAYMERT INTEREST  ALIOC. COST  ALLOC, GOST.
$ $ $ $

2,202,160.48
1 105,738.87 0 105,738.87 2,096,k21.61
2 105,738.87 57,483.88 48,254.99 2,048,166.62
3 105,738.87 56,160.73 £9,578.14 1,998, 588.48
b 105,736.87 54,801.30 50,937.57 1,947,650.91
5 105,738.87 53,404.59 52,33%.28 1,895,316.63
6 105,738.87 51,969.58 53,769.29 1,841,547.34
T 105,738.67 50,495.23 55,243.64 1,766,303.70
8 105,738.87 48,980.45 56,758.42 1,729,545.28
9 105,738.87 h7,h2k.13 58, 31k .Th 1,671,230.54
10 105,738.87 h5,825.1% 59,913.73 1,611,316.81
11 305, 738.87 bh,182.31 61,556.56 1,549,760.25
12 105,738.87 h2,49% 13 63, 24k ) 1,486,515.81
13 105,738.87 4o,760.26 64,978.61 1,421,537.20
14 105,738.87 38,978.55 66,760.32 1,354,776.88
15 105,738.87 37,147.98 68, 590.89 1,286,185.99
16 105,738.87 35,267.22 70,471.65 1,215,71k.34
17 105,738.87 33,334.89 72,403.98 1,143,310.36
18 105,738.87 31,349.57 7h4,389.30 1,068,921.06
19 105,738.87 29,309.82 76,429.05 992,492.01
20 105,738.87 27,21%.13 78,52k . Th 913,967.27
21 105,738.87 25,060.98 80,677.89 833,289.38
22 105,738.87 22,648.79 82,890.08 750, 399.30
23 105,738.87 20,575.95 85,162.92 665,236. 38
2k 105,738.87 18,240.78 87,498.09 577,738.29
25 105,738.87 15,841.58 89,897.29 487,841.00
26 105,738.87 13, 376.60 $2,362.27 395,478.73
27 105,738.87 10,844.03 oh, 8ok .84 300, 583.89
28 105,738.87 8,242.01 97,496.86 203,087.03
29 105,738.87 - 5,568.65 100,170.22 102,916,81
30 105,736.687 2,821.98 102,916.81 0.00



LITTLEVILLE RESERVOIR

TOTAL CONSTRUCTION COST AND ALLOCATION

OF INTEREST DURING CONSTRUCTION

Water Supply

Specific Casts

All"ocation of Joint
Use Cost

) Flood Control

Specific Costs
Allocation of Joint

.Use Costs

W'

. Recreation Facilities

Specific Cost

Construction

Cost

$ 173,079.00

$

1,919, 784. 00

$2,092,863,00

108, 905. 00

4, 697,880. 00

$4,806, 785. 00

$

90, 641. 00

67

Interlest
~ During
Construction Total Cost

$ 6,939.59 180,018, 59
102, 357. 89 2,022, 141, 89
$109, 297. 48 $2,202,160, 48
$ 1,004,98 $ 109,909.98
160,195, 48 4,858,075, 48
$161, 200, 46 $4,967, 985, 46
) 3
$ 11.11 L 90, 652. 11
Total $7, 260, 798. 05

.
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ASSURANCE OF GOMPLIANCE WITH THE DEPARTMRENT CF DEFENIT DIRFCTIVE UNDIR
TITLE VI OF THT CIVIL RIGHTS ACT OF 1964

The CITY OF SPRINGFIELD, MASSACHUSTTTS (hereinafter called "Applicant~
Recipientt)

HEREBY AGREES that it will comply with title VI of the Civil Xighis Act
of 1964 (P,L, 88-352) and all requirements imposed by or pursuant to the
Directive of the Department of Defense (32 CFR Part 300, issued as
Department of Defense Directive 5500.11, December 28, 196L) issued
pursuant to that title, to the end that, in accordance with title VI

of that Act and the Directive, neo person in the United States shzll, on
the ground of race, color, or national origin be excluded from participa-
tion in, be denied the benefits of, or be otherwice subjected to discrimi-
- nation under any progranm or activity for which the Anplicant-TRecinient

- receives Federal financlal assistance from the Departmert of the Army and
HEREBY GIVES ASSUZANCE THAT it will immediately take any measures neces.
sary to effectuste this agreement.

- If any real property or structure thereon is provided or improved with
the aid of Fedaral financial assistance extended to the Applicant-
Raciplent by this Department of the Army assurance shall ocbligate the
Arplicant=Recipient, or in the case of any transfer of such proverty,
eny transferee, for the period during which the real vroperty or
structure is used for a purpose for wiich the Federd financial
assistance is extended or for another purpose involving the provisicn
of similar services or benefits, If any perscnal provertv is so
provided, this sssurance shall obligate the Apulicent-Recipient for
the period during which it retains ownershin or nossession of the
property. In all other cases, this assurance shall obligate the
Applicant~Recipient for the period during which the Federsl financial
assistance is extended tc it by the Depariment of the Army,

THIS ASSURANCE is gliven in consideration of and for the purposs of
cbtaining any and all Federal grants, loans, contracts, prorerty,
discountes or othar Federzl firancial assistonce extended after the date
hereof,to the Applicant-Recipient by the Denartment, including
installment paymentc after such date on account of arranpements for
Federal financial assistance which were aporoved before such date, The
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’}’
Arplicant-Raecinient recognizes and agrees that such Federal financial
assistance will be extended in reliance on the representations and
agreements made in this assurance, and that the United States shall
have the right to seek judicial enforcement of this assurance, This
assurance is binding on the Applicant=Recipient, its successors,
transferees, and assignees, and the person or persons whose signatures

appear below are authorized to sign this assurance on behalf of the
Applicant-Recipient, :

PATED  'May' 13, 1968 CITY OF SPRINTFIELD,-MASSACHUSETTS
. . (/}Aﬁglicantuﬁec ja"///
»’?%5/34*37“f”,//’{Q?%?(Qf///
Tﬁﬁalrman,Boérd of'Whter‘//ym1851oners}

A

‘ : ‘ e Lo T Sy
, \ % 20 12 Q:ﬁ%aﬁfﬂx;@' Ao 14,
; ' - ﬁ mb

er,Board,of Water Commissioners)

A;;/»"t\'\ ’d‘)( /7,4(/ }ari-.

CITY OF SPRINGFIELD, MASSACHUSETTS ‘ (Mayor)

36-Court'Streec or -
P. O, BOX 1867, Springfield, Mass. 01103
(Anolicant-ﬁecipient's Mailing Address)

Attest:

Z Al

Clty Clerk
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DEFINITIONS AND TERMS

BRITISH THERMAL UNIT (BTU) - The standard unit of measurement for determin-
ing the amount of heat energy or heat content of a fuel. One BTU is
equal to the amount of heat energy necessary to raise the temperature of
one pound of water one degree Fahrenheit, at or near 39,20 F.

CAPACITY - The maximum power output or load for which a turbine-generator,
station or system is rated.

DEMAND - The rate at which electric energy is delivered to or by a system,
part of a system, or piece of equipment, usually expressed in kilowatts
or megawatts, for a particular instant or averaged over a designated
period of time.

DEPENDABLE CAPACITY - The load carrying abitity of a hydropower plant under
adverse hydologic conditions for the time interval and period specified

of a particular system load.

DRAWDOWN - The distance that the water surface elevation of a storage reser-
voir is lowered from a given or starting elevation as a result of the
withdrawal of water to meet some project purpose (i.e., power generation,
creating flood control space, irrigation demand, etc.).

ENERGY - The capacity for performing work. The electrical energ term'gen-
erally used is kilowatt-hours and represents power (kilowatts) operating
for some time period {hours).

FIRM ENERGY - The énergy generation ability of a hydropower plant under ad-
verse hydrologic conditions for the time interval and period specified
of a particular system Toad,

GENERATOR - A machine which converts mechanical energy into electric energy.

GROSS HEAD - The difference in water surface elevation as measured in the
forebay and tailrace of a hydropower plant, under certain specified con-
ditions., Usually, gross head refers to the difference between normal
full pool and average tailwater elevations.

HYDRAULIC CAPACITY - The maximum flow which a hydroelectric power plant can
utilize for the generation of electricity.

HYDROELECTRIC PLANT or HYDROPOWER PLANT - An electric power plant in which
the turbine/generators are driven by falling water.

INSTALLED CAPACITY - The total of the capacities shown on the nameplates
of the generating units in a hydropower plant.

INTERRUPTIBLE POWER - Non-firm power; power made available under agreements
which permit curtailment or cessation or delivery by the supplier. In-
terruptible power loads are normally met with secondary hydro energy.

KILOWATT (Kw) - One Thousand watts.
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KILOWATT-HOUR {Kwh) - The amount of electrical energy involved with a one-
kilowatt demand over a period of one hour. It is equivalent to 3,413
BTU of heat energy.

LOAD - The amount of power needed to be de11vered at a given po:nt on an
‘electric system.

MEGAWATT (Mw) - One thousand kilowatts.
MEGAWATT-HOURS (Mwh) - One thousand kilowatt-hours.

NET HEAD - Also called effective head. The gross head less all hydraulic
: 1osses except those chargeab]e to the turbine,

OUTPUT - The amount of power or energy delivered from a piece of generating
equipment or a generating station.

PENSTOCK - A conduit used to convey water under pressure, to the turbines
of a hydroelectric plant.

PLANT FACTOR - Ratio of the average load to the plants installed capacity,
expressed as an annual percentage.

POWER (ELECTRIC)- The rate of generation or use of electric energy, usually
measured in kilowatts. '

"RUN-OF-RIVER PLANT - A hydroelectric generating plant which depends chiefly
on the flow of a stream or river as it occurs for generation purposes,
as opposed to a storage project, which has sufficient storage capacity
to carry water from one season to another. Some run-of-river projects
have a limited storage capacity {poundage) which permits them to regu-
late streamflow on a daily or weekly basis.

SPINNING RESERVE - Generating units operating at no lcad or at partial load
with excess capacity readily available to support additional load.

STANDBY RESERVE - Generating eguipment or other facilities reserved for use
in case of outages or other emergency operating conditions. The genera-
ting equipment and other facilities may or may not be in service normally.
This category of reserve should not be confused with spinning reserve.

SYNCHRONIZED OPERATION - An operation wherein electrical generating facili-
ties are electrically connected and controlled to operate at the same
frequency. It is synonymous with operation in paraliel.

TAILWATER - The water surface elevation immediately downstream from a dam
or hydroelectric power plant. A high tailwater condition reduces the
hydraulic head and thus the efficiency of a hydroelectric generating
station.
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THERMAL PLANT - A generating plant which uses heat to produce electricity.
Such plants may burn coal, gas, o1l or use nuclear energy to produce
thermal energy.

TRANSMISSION - The act or process of transporting electric energy in bulk.
TRANSMISSION GRID - An interconnected system of electric transmission lines
' and associated equipment for the movement or transfer of electrical
energy in bulk between points of supply and points of demand.

. TURBINE - The part of a generating unit which is spun by the force of water

or steam to drive an electric generator. The turbine usually consists
of a series of curved vanes or blades on a central spindie.
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